The fragmentation behavior of isoflavones was studied using electrospray ionizationion traptime of flight mass spectrometry (ESIITTOFMS n ). It was found that the isoflavone glycoside bond was easily broken. The fragmentation occurred mostly on the Cring, and the fragment ions of A 1,3+ produced by the RDA cracking will predict the hydroxylation replacement on Aring or Bring. In addition, four carbonyl groups on the Cring were fragmented through neutral loss of 28 (CO). A and Brings primarily lose substituents which including a neutral losses of 32 (CH 3 OH), 16 (CH 4 ), or 16 (O), and 18 (H 2 O). Aring in the presence of adjacent hydroxylation, also easily made to be a neutral losses of 28 (CO) or 18 (H 2 O). It is likewise common to see methoxy replaced with a neutral losses of 16 (CH 4 ) or 32 (CH 3 OH) in Bring, also the hydroxylation on benzene ring can occasionally results with the neutral loss of 28 (CO).
Authors
Yazhou Zhang, Feng Xu, Jianye Zhang, Tao Yi, Yina Tang, Jun Xu, Wanling Peng, and Hubiao Chen This journal article is available at HKBU Institutional Repository: https://repository.hkbu.edu.hk/hkbu_staff_publication/5843
Introduction
It is wellknown that isoflavonoids are biologically active plant constituents that occur mainly in legumes and act as phytoestrogens. A diet rich in isoflavonoids can help to lower the risk of getting certain diseases including breast and prostate cancers, osteoporosis and various cardiovascular diseases. Researches also show that isoflavonoid possess anticarcinogenic, hormonealtering, and estrogenic and antiestrogenic properties [1, 2] .
Mass spectrometry is an analytic technique based on determination of m/z, or masscharge ratios, of ions in the gas phase. Ion trap (IT) technology is currently one of the more mature small mass spectrometer. The tech nology is convenient for achievement of the measurement of multistage tandem (MS n ) [2] [3] [4] [5] . The time of flight of the mass spectrometer (TOF) is the space quality analyzer, which can quickly and at high resolution capture positive and negative ion pieces from the ion source to ensure that a majority of the ions can reach the detector [2] [3] [4] [5] .
ITTOFMS n greatly improves the sensitivity and resolution of the mass spectrum by taking advantage of the simultaneous multistage mass spectrometry analysis. The Retro DielsAlder (RDA) cleavage can be used to predict the structure of the compounds after the ion source boom the Cring into dienes and dienes fragments with a doublebond. The RDA occurs in structures containing a cyclohexene unit [6] . It was reported that the cleavage of the isoflavones mostly happened on the C 4 position in Cring with a neutral loss of 28 (CO), and formed the fragment ions of A 1,3+ by the RDA cracking in mass [2] [3] [4] [5] [6] . In the present study, we use high resolution mass spectra to predict the exactly formulas of the fragment ions, and then with the relative ion abundance to indicate which bond broke firstly. At the same time we compared the fragmentation pathway of isoflavones with the similar structure to observe how the substitution location influences the fragmentation behavior. Eleven isoflavonoids were chosen and their fragment ions were generated by ESIITTOFMS ions (PI) and negative ions (NI) mode. Finally, the analysis was conducted in PI mode because fragment ions of isoflavonoids in MS provide more information than in NI mode. This study aims to study the fragmen tation behavior of isoflavonoids, which will be helpful to understand the fragmentation rules of isoflavones. These investigations could likewise provide significant support for the further identification and analysis of isoflavones in plant extracts by ESIITTOFMS n .
Experimental

Chemicals and materials
The following selective compounds ( Fig. 1) , including formononetin (M1), 6,7,4′trihydroxyisoflavonoid (M2), 7,4′dihydroxyisoflavonoid (M3), 7,8,dihydroxy4′ methoxyisoflavonoid (M4), 6,7dihydroxy4′methoxy isoflavonoid (M5), formononetin7OβDglucoside (onion) (M6), 6″Oacetylonion (M7), calycosin (M8), 8hydroxycalycosin (M9), 6hydroxycalycosin (M10), calycosin7OβDglucoside (M11), were isolated by the authors and their structures were confirmed based on UV, MS, and NMR data. Methanol (Merck Co., Darmstadt, Germany) was of HPLC grade.
Sample solutions preparation
Weighed amount (1.0 mg) that is carefully transferred into a 50 mL volumetric flask with methanol, respectively, and a portion of the solution (1 μL) is injected into an ESIITTOFMS n system for analysis.
Instrument and conditions
High resolution mass spectra were recorded on an ITTOF mass spectrometer (Shimadzu, Kyoto, Japan). Both NI and PI mode were utilized by the ESI source in operation. The fullscan mass spectra covered the range from m/z 100-1000 
Results and discussion
The selection of MS conditions
The fragmentation pathways of 11 isoflavones were analyzed in order to facilitate structural identification. Both PI and NI modes were tested through the experi ment with the goal to obtain desirable mass spectrometry chromatograms. The analysis was conducted in PI mode owing to the fact that fragment ions give more information in PI than in NI mode.
The fragment ions analysis of the 11 isoflavones
As illustrated in Figure 2 , ions of isoflavones generated by the breaking of C ring in PI mode were named as A 0,3+ , B 0,3+ [3, 4] . The fragment ions and their abundance are shown in Table 1 Fig. 4) . were the primary fragment ions, not exhibiting the fragment ion by RDA cracking or with a low ion abundance (The main fragment ions of M8, 9, 10, 11 are shown in the Fig. 6 ). Fig. 7 ).
Conclusions
In the present study, the ESIITTOFMS n technique was applied to analyze the fragmentation behavior of isoflavones. The characteristic fragment ions are integral to determining a structure skeleton and substitution patterns for isoflavones. In general, the fragment ions with high ion intensity proved to be the most stable and preferred cleavage. The neutral loss of 28 u (CO) from C 4 in the Cring of isoflavones is the preferred cleavage. The Bring first underwent the loss of CH 3 OH (Δm = 32 u) or H 2 O (Δm = 18 u), and fewer cases have a neutral loss of CO (Δm = 28 u) when substituted with hydroxylation. There also occurs a neutral loss of CO, or a loss of H 2 O when connected to the adjacent hydroxylation in Aring.
Based on the fragmentation ions of A 1,3+ originating from the RDA cracking of isoflavones, we could presume the varying hydroxylate location in Aring or Bring (m/z 137 A 1,3+ for one hydroxylation be replaced in Aring, and m/z 153 for Aring with two replaced hydroxylation). Then the other following fragments in mass spectra are the same as the relating aglycones, with the C 7 glycosidicbond of isoflavone glycosides in Aring cleavage in priority. The above fragmentation rules could help to identify the different types of isoflavones.
